Abstract. Prediction markets have been used
Introduction
In its most simple form, a prediction market is just like a market for a single stock, where the price of the stock reflects the probability of an event happening.
A common example, shown in Figure 1 , is a stock that pays at the end of the market $100 if:
Gadaffi is no longer the ruler of Libya on December 31, 2011 and $0 if: Gadaffi is the ruler of Libya on December 31, 2011.
A circled price of $40 in Figure 1 reflects the market giving event:
Gadaffi is no longer the ruler of Libya on December 31, 2011 a 40% probability of happening at that point in time (mid-March 2011). At that point in time the stock was available for purchase for $40.
The entire evolution of this stock is shown in Figure 1 . Figure 2 shows an example of a concluded prediction market at Intrade (one of the leading providers of public prediction markets) which accurately predicted that the movie "The King's Speech" would win the 2010 Oscar for the best film, more than a month before the award was actually given. Figure 2 shows the evolution of the prediction market for the event: The King's Speech to win the Academy Award for the Best Picture in 2010 where a stock that pays at the end of the market $10 it the event occurs. The Academy Award for the Best Picture in 2010 was indeed given to "The King's Speech" on February 27, 2011.
In another example of accuracy of prediction markets, in the 2008 US presidential elections, the predictions at Intrade of overall winner of each state were 100% accurate, beating any other major prediction method.
In-House Prediciton Markets
Although "public" prediction markets have captured more academic and media attention than their in-house counterparts, this research focuses on internal prediction markets deployed by companies for decision support purposes. An in-house corporate prediction market is run by a company to improve decision making. In inhouse prediction markets the improvement of the aggregation of information may be more of a direct concern than in the 'public" prediction market, since the company does not profit from the number and volume of trades, but from the information the agents disclose via those trades.
In-house prediction markets typically use mock currency, since companies have found that US legislation issues prevents US companies (which host a sizeable portion of in-house prediction markets) from utilizing real currency [11] . Moreover, a study on the issue of real vs. mock currency [9] showed no statistical difference between the predictions of a real money market and a similar mock currency one. Using a mock currency still enables in-house corporate prediction markets to have a built-in mechanism for rewarding participating agents according to the contribution to the market.
The issue of accuracy of prediction markets has been the subject of a number of research studies. The power of the prediction markets to generate accurate forecasts has been demonstrated for nearly two decades [2] . For example, studies on the accuracy of prediction markets versus polls and surveys [4] [5] show that prediction markets are at least as accurate, and in many cases clearly superior. A set of experiments at Hewlett Packard demonstrated the ability of prediction markets to estimate future sales more accurately than traditional forecasting processes [3] . Intel reported that their prediction markets are producing forecasts that are at least the equal of their official forecasts and as much as 20% better [7] . Another recent research study dealt with the issue of prediction market accuracy by developing a framework for increasing it [8] .
This paper focuses on a different topic related to prediction markets -the actionability of in-house prediction markets.
Improving Actionability of Prediction Markets
Actionability of an in-house corporate prediction market is related to the usefulness of the prediction market in the decision making process in the company.
Companies typically run prediction markets with questions of the type Will project X be completed by deadline Y? and focus on the accuracy of the final prediction. While the stock price in such a prediction market and its evolution over time is a good indicator of the overall confidence of the participants on the probability of the project being completed on time, this price by itself is not necessarily a good indicator of what problems may occur that cause the project to be delayed. This can be remedied by breaking the original question into categories that can help identify potential problems/opportunities. Consider an example of breaking up a single question into multiple moreactionable questions, presented in Figure 3 .
Projects generally consist of more than one phase, affect different functions, and may have outsourced parts. Additionally, some parts of the project may be deemed more strategic than others and consequently their evolution is particularly worth of evaluation in real time. Offering a series of markets tailored to the specific relevant milestones of a more general question not only allows for an increased relevance of the output, but also has the side effect of allowing for a more detailed way of eliciting the input, that is, the information possessed by the participants. Different parts of the company are more likely to be able to express their opinion in subjects that are relevant to their activity than in more general ones.
Consider a case when one of the groups performing a task for a project detects a problem that may interfere with their deliverable. Allowing traders with the information about this problem to reflect it in a market tracking the evolution related to this group will be easier for those traders than if they have to calculate or estimate the overall effect the problem may have on the due date of the whole project. Based on this premise, the first proposition in is stated as following. Proposition 1: A prediction market about a particular question is more actionable (i.e. more relevant to the decision-making process) if it is constructed in a way that allows for finer grain questions.
According to [10] "The usefulness of an artifact arises from its outcomes' standing in a desired relationship with the outer environment." In the case of in-house corporate prediction markets, the environment can be defined in different ways, but here the actual environment of a prediction market is defined as the existing Decision Support System (DSS) of the company (a DSS is a computer-based information system that supports business or organizational decisionmaking activities [1] .)
Even not taking into account the usual difficulties of undertaking any project that a) involves many departments and employees, b) has high visibility, and c) departs from the 'normal' ways of doing things; many implementations of in-house prediction markets seem to have failed to find a place in the traditional DSSs of companies. Conversations with practitioners reveal that the decision of implementing a prediction market usually relates more to the enthusiasm about the "cool" factor of running a prediction market and the visibility of the project, than to any formally expressed need by any department in the company. Cheap, fashionable, and with potential are some of the strong points of prediction markets, but these factors have also caused many instances of poorly planned and developed implementations. DSS environment in a corporation that utilizes prediction markets should include a structure for accommodating the type of outcome that prediction markets provide. Since the output of a prediction market is the entire evolution of the price instead of just the final price, there should be a fit between that output (the evolution of the price) and the DSS environment. As prices are likely to incorporate new information faster than traditional methods like polls or surveys, the DSS should be able to use those signals to anticipate possible deviations on the issue being analyzed. This in turn implies that the questions posited in prediction markets be constructed in a way that can provide series of useful information instances to the DSS, and thus should be designed as indicators of potential deviations or opportunities.
An example of the approach of prediction market providing additional signal is presented in Figure 4 .
This example shows the evolution of two internal corporate prediction markets. A Stock that pays at the end of the market $100 if:
Product X(Y) is profitable at the end of year and $0 if: Product X(Y) is not profitable at the end of year
The market price for profitability of Product X during the entire evolution of the market held comfortably above $50, while the market price for profitability of product Y consistently held below $50. The conclusion after first glance can be that, since the start of the markets, the prediction of profitability by the end of the year for Product X is "profitable" and for Product Y is "not profitable".
However, additional information is being signaled by these markets. Assume that at the point in time A (marked in Figure 4 by letter A and a dotted line), the company hired a new head of the marketing for the Products X and Y. Also assume that at the point in time B (marked in Figure 4 by letter B and another dotted line) first sales figure for Products X and Y become available, indicating almost certain profitability by the end of the year for product A and almost certain nonprofitability by the end of the year for Product Y. Assuming no other external or internal events relevant to the Product X and Y occurred, it is apparent that the new head of marketing was perceived negatively by the prediction market participants, as evidenced by the significant drop in both markets from point A to point B. Once the sales figures became available at point B the prediction markets simply became the reflection of those figures rather that internal opinions about anything else.
Based on the premise of prediction market's usability to provide more signals than just the prediction of the outcome for the posed question the second proposition in is stated as following. 
Future Study Outline
The prediction market's actionability is closely related to its fit in the environment of an existing DSS. Based on this interpretation two propositions that depict the characteristics of an actionable prediction market have been developed. The outline for developing each of the propositions into research study is discussed below.
Proposition 1
Finer grain questions relate to breaking up more general questions into a series of (hierarchical or not) smaller, more descriptive or more actionable questions.
Companies are subdivided into different departments and business units, and different skills and knowledge are expected to be localized in each. Constructing a series of questions designed for finer grain may enhance the chances of the output of the prediction market being useful in a DSS context due to its easier integration in it. This integration is easier because the output of the prediction markets is not a simple percentage over a predicted event. Instead, a series of indicators may signal at a specific part or phase of a larger project or issue that constitute a problem (or opportunity).
This proposition can be operationalized into laboratory-setting testable hypotheses or via a field research. In the future study we anticipate using a combination of both approaches.
How to undertake a break-down into finer questions will depend on the nature of the DSS of a company and industry-specific informational needs. A preliminary taxonomy of categories for questions to be broken into can be prepared in advance, and then extended by participating in the design of actual prediction markets. Field research would allow for testing of different measures of fit and the whole process is likely to yield interesting insights about the prediction market/DSS fit issue. Other influences in the performance of a prediction market implementation, like the support of upper management or potential issues with cultural customs that may hinder the actionability of the prediction market, would be easier to detect via field work so as to help framing further research on prediction markets.
We plan to undertake a targeted review of previous corporate prediction market cases with the goal of establishing a basis for an initial framework for identifying potential ways of structuring questions.
Proposition 2
The rationale for this proposition is the apparent lack of consideration for this approach in the analysis of the literature, in contrast to the interest for this approach conveyed in the conversations with practitioners at prediction market-related conferences over the past several years. Prediction markets are typically presented as an alternative method to polls or surveys instead of being considered as continuous part of a DSS. The only selling point of prediction markets to senior management seems to be the accuracy of prediction. This represents a lost opportunity since it downplays the seismographic capabilities of prediction markets. Quoting Hayek, "It is more than a metaphor to describe the price system as a kind of machinery for registering change, or a system of telecommunications which enables individual producers to watch merely the movement of a few pointers, as an engineer might watch the hands of a few dials, in order to adjust their activities to changes of which they may never know more than is reflected in the price movement" [6] . The price system thus described by Hayek serves as a perfect indication for the kind of environment a prediction market may be a good fit for. In other words, the focus can be also put on the evolution of market price, and not just on the accuracy of the market.
We consider the adoption of prediction markets as an integral and continuous part of the formal DSS of a company, as actionability improvement, as opposed to a novelty item that is implemented more for its potential and buzz factor. There is virtually no public information about the prediction market implementations that are used in this way. Hence, the future study intends to examine the evolution of existing prediction markets implementations in US companies that have shown interest in participating in this research. In particular the intention is to examine potential instances of information contained in various data-points in time during the duration of these prediction markets.
Such examination would reveal whether (and to what extent) missed opportunities for distribution and use of other information available as a result of running a prediction market (other than the prediction of the likelihood of the event in question) typically exist in functioning prediction markets.
As was the case with proposition 1, the plan for proposition 2 is to, in addition to conducting field research, operationalize this proposition into laboratory-setting testable hypotheses.
Conclusion
This paper focused on a topic of the actionability of in-house corporate prediction markets. The actionability of an in-house corporate prediction market refers to the usefulness of the prediction market in the decision-making process in the company. This paper identified two improvement factors that have the potential of increasing the actionability of in-house corporate prediction market: allowing for finer grain questions and providing signals for informational needs over a period of time.
In addition to identifying the two improvement factors, this paper has outlined a research study for validation of the identified improvement factors.
